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This paper presents an ecient evolutionary search strategy based on design of exper-
iments, genetic algorithms and response surface modelling. The strategy is constructed
around a genetic algorithm while incorporating elements from design of experiment (DoE)
and Kriging. In particular, the design points used to update the approximation model are
derived from two surfaces, one is the approximation itself which provides the prediction
of the function and the other is based on the error surface computed from posterior error
estimates of the Kriging model. A genetic algorithm, which supports clustering, is used
on both surfaces to return multiple points for parallel evaluation of the true function. A
screening method is also used to remove points lying close to existing points based on the
correlation coecients between the point to be evaluated and all existing points. Numeri-
cal experiments suggest that signicant improvements can be achieved using the proposed
approach. Applications of the approach on engineering design problems are also studied.
I. Introduction
T
he robustness in nding near-global optimal solutions of evolutionary search methods, and in particular,
genetic algorithms, has attracted wide-spread use of such methods in a large number of optimisation
and design problems such as engineering design, approximation, and scheduling. Improving the eciency of
evolutionary search algorithms has become a key factor in their successful application to real-world problems
due to the high computational cost related to the high-delity simulation codes commonly used in such
processes. Two categories of techniques have been proposed to tackle the eciency issue of evolutionary
search methods; the rst type is focused on devising more ecient variants of the canonical algorithms,1{3
the second type involves using approximations in lieu of the exact and often expensive function evaluations.
The common feature of these two types of techniques is that they both try to reduce the number of tness
evaluations used since this is the most expensive part of the evolutionary process. As these two types of
techniques can be easily combined together to further speed up the process, research eort can be focused on
them separately. The focus of the current paper is on an ecient framework for combining genetic algorithms
and Kriging, i.e., the focus is on the way in which genetic algorithms are used to search for near-optima and
meta-models are updated to balance the need for searching for optima and building accurate approximations.
The rst question is how to build approximation models based on computational simulation results.
There have been various techniques developed for building meta-models; these can be broadly divided into
two categories, interpolation and approximation, where the former interpolates the data points and the
latter regreses them. Polynomials are often used for the later while interpolation methods include neural
network methods and Kriging. Earlier work has been reported comparing the two types of methods in
the context of optimisation studies. For example, comparisons between polynomial approximation and
neural network and Kriging were presented by Carpenter et al.4,5 and Giunta et al.,6 respectively. The
second question involves the use of approximation models in the optimisation study. Although these two
processes are relatively independent from each other, building certain frameworks by combining the two can
be benecial and overcome some diculties in building accurate approximate models, especially for high
dimensional problems. The hybrid approach can also further improve eciency by reducing the number of
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